Background. Improved outcomes have been associated with the use of adjuvant therapy after resection of pancreas adenocarcinoma. However, the frequency with which patients receive adjuvant therapy and the factors impacting its use remain largely undefined. We hypothesized that nonutilization of adjuvant therapy was primarily associated with patient comorbidity and onset of postoperative complications. Methods. A prospectively maintained database was reviewed to identify patients who underwent potentially curative resection of histologically confirmed pancreas adenocarcinoma at our institution from January 1996 to May 2007. Clinicopathological data and postoperative treatment history were collected to identify variables associated with receipt of adjuvant therapy. Results. Of 119 patients, 33% did not receive adjuvant therapy. The frequency with which patients underwent adjuvant therapy did not change over time. On multivariate analysis, patient age 70 years or greater, major postoperative complications, distal pancreatectomy, absence of nodal metastases, and absence of perineural invasion were associated with decreased utilization of adjuvant therapy. Discussion. One-third of patients in this contemporary dataset of patients did not go on to receive adjuvant therapy. The likelihood of receiving adjuvant treatment is negatively impacted by the course of postoperative recovery. Moreover, the fact that adjuvant therapy was undertaken less often for older patients and patients with favorable pathological features highlights the selection bias impacting the decision to pursue postoperative therapy for this disease. This selective utilization of postoperative therapy for patients with adverse oncological characteristics is likely to bias any retrospective analysis attempting to measure the efficacy of adjuvant treatment for pancreas adenocarcinoma.
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Outcomes for patients diagnosed with pancreas adenocarcinoma remain poor, with an annual case-to-fatality ratio of approximately 0.91. 1, 2 For patients presenting with localized resectable tumors, 5-year survival estimates following resection remain 10-30%. [2] [3] [4] [5] [6] Recent retrospective series and randomized controlled trials suggest a demonstrable improvement in outcomes associated with administration of adjuvant therapy. 3, [6] [7] [8] [9] [10] Indeed, the contemporary management of patients with resectable pancreas adenocarcinoma takes advantage of a multidisciplinary approach that includes surgical resection and systemic gemcitabine-based chemotherapy with or without radiation therapy. In reality, not all patients undergoing surgical resection of pancreas adenocarcinoma receive adjuvant therapy. However, the likelihood with which patients go on to receive postoperative adjuvant therapy and the factors influencing that likelihood remain largely undefined. We evaluated our own institutional experience to determine how often patients undergo adjuvant therapy after resection of pancreas adenocarcinoma, and to identify the clinicopathological variables that negatively impact the ability of patients to receive adjuvant treatment. We hypothesized that patient age and postoperative complications were the primary determinants of whether patients went on to receive adjuvant oncological therapy following surgical resection.
METHODS
After obtaining institutional review board approval, a prospectively maintained single-institution database was retrospectively reviewed to identify patients who underwent potentially curative (R0 or R1) resection of pancreas adenocarcinoma at the University of Wisconsin Hospital and Clinics between 1996 and May 2007. Patients treated with neoadjuvant therapy, patients with incomplete medical records, and patients found on repeat histological review to have non-pancreas-adenocarcinoma diagnoses (e.g., ampullary adenocarcinoma, distal cholangiocarcinoma) or nonadenocarcinoma diagnoses (e.g., noninvasive premalignant lesions, neuroendocrine neoplasms) were excluded from our analysis. Patient characteristics [age, gender, preoperative serum CA 19-9 level, type of operation (pancreaticoduodenectomy or distal pancreatectomy), and year of operation], pathological characteristics (tumor size, histological grade, perineural invasion, resection margin status, and nodal metastases), and postoperative characteristics (length of hospital stay, development of complications, complication grade, and initiation of adjuvant chemotherapy or chemotherapy and radiation) were collected. For purposes of statistical analysis, operation timing was categorized into one of three time periods (1996-1999, 2000-2003, 2004-2007) . Complications were graded using a previously defined five-point classification system: grade 1 complications required oral medications or bedside care; grade 2 complications required intravenous medications; grade 3 complications required operative or radiological interventions; grade 4 complications resulted in chronic disability or unintended organ resection; grade 5 complications resulted in death. 11 Complications of grade 3 or above were considered major complications. Clinical, pathological, and postoperative characteristics associated with likelihood of adjuvant chemotherapy were identified using chi-square univariate analysis. Variables with p values B0.1 on univariate analysis were examined by multivariate analysis using the binary logistic regression model. Statistical significance was defined as p \ 0.05.
RESULTS
We identified 142 patients who underwent surgical resection of histologically confirmed pancreas adenocarcinoma at our institution between 1996 and May 2007. Four patients who underwent R2 resection and 13 patients who received neoadjuvant therapy were excluded. Six patients were excluded due to incomplete follow-up; therefore, 119 patients meeting all inclusion criteria comprised the dataset for this analysis. Patient, pathological, and postoperative characteristics are outlined in Table 1 . Gender was evenly distributed, and median age was 69 years. The majority of patients underwent pancreaticoduodenectomy, and more patients underwent operation in later years when the dataset was divided into 4-year time periods (1996-1999, 2000-2003, 2004-2007) . Median tumor size was 3 cm, and microscopic margin positivity, nodal metastases, and perineural invasion, were observed in 32%, 57%, and 42%, respectively. Median length of postoperative hospitalization was 9 days, and 14% developed at least one major (grade 3 or above) complication in the postoperative period. The observed 60-day mortality rate was 1.7%. Onethird of patients undergoing surgical resection did not receive adjuvant therapy. Of the 80 patients who received adjuvant therapy, 29 (36%) received chemotherapy alone and 51 (64%) received chemotherapy and radiation. As outlined in Table 2 , patient age greater or equal to 70 years, performance of distal pancreatectomy, smaller tumor size (pT1 or pT2), absence of nodal metastases, negative resection margin, absence of perineural invasion, prolonged length of postoperative stay, and onset of major postoperative complications were associated with decreased likelihood of receiving adjuvant therapy on univariate analysis. The frequency with which patients underwent adjuvant therapy did not appear to change over time.
As shown in Table 3 , age greater than or equal to 70 years, distal pancreatectomy, absence of nodal metastases, absence of perineural invasion, and major complication remained independently associated with decreased likelihood of receiving adjuvant therapy on multivariate analysis.
DISCUSSION
Several retrospective studies have observed a survival benefit associated with use of adjuvant chemotherapy after resection of pancreas adenocarcinoma. 6, 8, 12 These observations have been substantiated by a number of randomized controlled trials. The Gastrointestinal Study Group (GITSG) trial reported improved estimated 5-year survival for patients receiving adjuvant 5-fluorouracil compared with patients treated with surgical resection alone (18% vs. 0%). 7, 13 Similarly, the European Study Group for Pancreatic Cancer (ESPAC-1) trial observed an estimated 5-year survival of 21% among patients receiving adjuvant 5-fluorouracil versus 8% among patients who did not. 3 The Charite Onkologie (CONKO-001) trial comparing the use of adjuvant gemcitabine versus observation alone identified an improvement in estimated 5-year disease-free survival associated with the use of adjuvant gemcitabine (16.5% vs. 5.5%). 9 A recent meta-analysis of randomized clinical trials examining the efficacy of adjuvant therapy identified a 25% reduction in the risk of death associated with the use of adjuvant chemotherapy that reached statistical significance. 14 In the present analysis, we evaluated our own institutional experience with patients undergoing potentially curative resection of pancreas adenocarcinoma to identify the frequency with which these patients go on to receive adjuvant therapy, and to identify the variables associated with the likelihood of not receiving adjuvant therapy. We observed that 33% of our patients did not initiate adjuvant therapy in the postoperative period. This figure is not dissimilar to the experience collected in retrospective and prospective analyses from other institutions. In a singleinstitution prospective analysis that identified a survival benefit associated with the use of adjuvant chemoradiation, 31% of patients offered adjuvant therapy declined to receive postoperative treatment. 15 Similarly, Sohn and colleagues published a 27% incidence of failure to go on to receive postoperative therapy. 12 In the ESPAC-1 and CONKO-001 randomized controlled trials, 50% and 38% of patients, respectively, assigned to receive adjuvant chemotherapy either did not start or prematurely discontinued postoperative therapy.
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The variables we found to be associated with decreased administration of postoperative therapy were advanced patient age, prolonged postoperative hospitalization, postoperative complications, early T stage, pN0 status, absence of perineural invasion, R0 status, and distal pancreatectomy. Despite our relatively small dataset, we elected to utilize multivariate analysis because of the potential of multicollinearity between some of these factors. The variables that retained independent significance (advanced age, postoperative complications, absence of nodal metastases or perineural invasion, and distal pancreatectomy) reinforced the suggestion that the delivery of adjuvant treatment is undermined by patient comorbidity, suboptimal postoperative recovery, favorable oncological features, and performance of distal pancreatectomy.
We hypothesized that failure to initiate adjuvant chemotherapy would be primarily referable to preoperative patient comorbidities and the development of postoperative complications. Indeed, both advanced age (a potential marker of preexisting comorbidity) and the onset of major (grade 3 and above) postoperative complications were both independently associated with lower likelihood of receiving adjuvant therapy. As summarized in Fig. 1 , 76% of patients younger than 70 years of age received adjuvant therapy, in contrast to only 58% of patients aged 70 years or older (p = 0.038). Of patients who experienced no O p e r a t i o n y e a r 1 9 9 6 -1 9 9 9
( n = 2 9 ) L e f t p a n c r e a t e c t o m y ( n = 1 6 ) P a n c r e a t i 16, 17 In contrast, Aloia et al. observed that failure to receive adjuvant therapy was driven not by delayed postoperative recovery but by lower preoperative performance scores and urgent operations. 18 Importantly, patient age and postoperative complications remained independently associated with decreased likelihood of receiving adjuvant therapy on multivariate analysis, suggesting that some physicians may favor avoidance of adjuvant chemotherapy with or without radiation and their attendant risks for elderly patients.
The impact of this likely selection bias is also illustrated by the association between various favorable oncological variables and nonutilization of adjuvant treatment. On univariate analysis, negative resection margins, absence of nodal metastases, and absence of perineural invasion were each associated with lower likelihood of initiating adjuvant treatment. On multivariate analysis, absence of nodal metastases and absence of perineural invasion remained independently associated with lower likelihood of initiating adjuvant therapy. The survival benefit associated with the use of adjuvant therapy has not been definitively stratified by oncological features such as tumor stage. 19 As a result, prospectively acquired data informing the decision of which patients may (or may not) benefit from adjuvant therapy do not exist. A likely explanation for our observed relationships is clinical selection bias: the potential risk of adjuvant chemotherapy with or without radiation may be felt to outweigh its marginal benefit for some patients with ''favorable'' oncological findings. Clearly, our collective appreciation for the oncological benefit of adjuvant therapy has been informed by the growing number of clinical trials published in recent years demonstrating its efficacy. Interestingly, we observed that the relationships between oncological variables and receipt of adjuvant therapy remained unchanged between the three time periods we examined (1997-1999, 2000-2003, and 2004-2007) (Fig. 1) .
The explanation for the impact of the type of pancreatectomy performed on adjuvant therapy is less clear. Although adenocarcinoma in the body or tail of the pancreas is generally less likely to be resectable at presentation, patients with resectable left-sided tumors have similar postresection survival to patients with resectable tumors in the pancreatic head, and relatively favorable outcomes have been described for patients undergoing adjuvant therapy after resection of left-sided pancreatic adenocarcinoma. [20] [21] [22] It is conceivable that a perception of left pancreatectomy as being less radical than pancreaticoduodenectomy may impart a selection bias affecting the decision to recommend additional oncological therapy.
This selection bias may have implications for nonrandomized analyses examining the impact of adjuvant therapy. If postoperative therapy is preferentially administered to patients with adverse oncological characteristics, the therapeutic benefit of adjuvant therapy may be muted. A plurality of retrospective analyses have found some benefit to adjuvant therapy for patients with resected pancreas adenocarcinoma; it is therefore possible that the benefit of adjuvant chemotherapy may actually be more substantial than these data have demonstrated.
This study is clearly limited by the retrospective nature of its analysis. It was not possible to reliably identify the reasons for not pursuing adjuvant therapy for patients who received no postoperative oncological treatment. Because of the tertiary referral nature of our medical center, many patients were advised to pursue adjuvant therapy postoperatively but did not do so after returning to their local care providers. We also were unable to reliably determine whether patients who went on to initiate adjuvant therapy were able to complete their prescribed regimens. It is also possible that incorporation of adjuvant therapy in our institution may differ from those occurring in nontertiary referral centers. A recent analysis of practice patterns across the USA identified utilization rates of only 5.7% and 38.7% for adjuvant chemotherapy and adjuvant chemoradiation, respectively, after resection of pancreas adenocarcinoma during the time period encompassed by our study. 23 Thus, the potential selection biases we have highlighted may not be reflective of practice patterns elsewhere. Importantly, the influence of selection bias in this clinical circumstance should not be unexpected, nor is it necessarily inappropriate. The decision to recommend any oncological therapy is a heavily nuanced one that is informed by an understanding of treatment risk and oncological benefit; indeed, the relatively marginal benefit that can be ascribed to adjuvant therapy for resected pancreas adenocarcinoma makes it difficult to universally impose its incorporation into algorithms and guidelines for all patients. Nevertheless, it is important to recognize the impact of this bias in the allocation of adjuvant treatment strategies for this challenging disease. Our observations suggest that any retrospective analysis of the efficacy of adjuvant therapy is likely to be confounded by the unequal distribution of patients who do and do not receive adjuvant therapy after surgical resection; proper recognition of this bias will be needed to best evaluate our current management of this difficult disease.
